For 8 hours during a strong radio flare on 1975 January 15-16, the close binary star system ß Persei (Algol) was observed with a three-station VLBI array operating at 7850 MHz. The size of the radio source was estimated to have been about 1.7 + 0.1 milli-arcsec (^0.05 AU), based on a model of a uniformly bright disk. The corresponding brightness temperature was nearly 10 10 K, indicating that the emission was probably nonthermal. There was no evidence for expansion of the source; the upper limit on the rate of any expansion was 100 km s -1 . The position of the Algol radio source with respect to an extragalactic reference frame was also determined from these observations with an uncertainty of about O'' 1 in each coordinate.
I. INTRODUCTION Rapidly variable radio emission has been observed intermittently from the close binary star system ß Persei (Algol) since 1971 (Hjellming 1972) . The radio source has never been resolved by the three-element interferometer of the National Radio Astronomy Observatory (NRAO) ; a lower limit of 2 X 10 5 K was thereby set on the brightness temperature. With this limit, it was not possible to distinguish with confidence between thermal and nonthermal emission processes on the basis of brightness temperature. In 1974, during the decay of one of its strong radio flares, Algol was observed with a 20-million-wavelength-baseline interferometer (Clark, Kellermann, and Shaffer 1975) . The angular diameter of the radio source was estimated from these observations to be about 4 milli-arcsec on the basis of a "Gaussian" model, implying a brightness temperature of 4 X 10 8 K. This paper presents data from more recent very long baseline interferometry (VLBI) observations taken during the course of a Quasar Patrol (see Wittels et al. 1975) in 1975 January, when the NRAO three-element interferometer showed Algol's radio emissions to have reached their maximum recorded flux density of about 1 Jy at 8085 MHz (Gibson, Viner, and Peterson 1975, hereafter Paper I) . The VLBI observations were obtained over most of this peak in radio activity and part of the subsequent decay, and yielded a substantially higher brightness temperature than did the earlier VLBI observations. II. THE OBSERVATIONS Our observations were made at a radio frequency of 7850 MHz (X « 3.8 cm) during the period from about 23 hours UT on 1975 January 15 through about 07 hours UT on 1975 January 16 with an interferometer consisting of the 120 foot (37 m) diameter antenna at the Haystack Observatory in Westford, Massachusetts, and the 140 foot (43 m) diameter antenna at the NRAO in Green Bank, West Virginia, which formed the same 20-million-wavelength baseline as was used by Clark, Kellermann, and Shaffer (1975) . During the last three hours of this period the 210 foot (64 m) diameter Goldstone antenna was also operating, which added baselines approximately 100 million and 85 million wavelengths long. The Mark I VLBI recording system was used throughout with the bandwidth synthesis system operating (see Whitney et al. 1976) ; the Mark II system, without bandwidth synthesis, was used in parallel for the last 4 hours for greater sensitivity. The 3-minute observations of Algol were interspersed with observations of 3C 84. The latter observations were used to calibrate the variations in the efficiencies of all three antennas as a function of elevation angle; these L107 L108 CLARK ET AL. Vol. 206
observations also provided pointing corrections for the Goldstone and NRAO antennas. The system temperature was monitored at each station during each observation, and the flux-density scale was based on single antenna observations of DR 21. The normalization of the "raw" Mark I fringe amplitudes was based on the measured system temperatures and on the estimated aperture efficiencies (see above), as described by Wittels et al. (1975) . A similar procedure was used for the normalization of the Mark II data, with the additional correction factor, b = 2.3 (see Cohen et al. 1975 for definitions), determined from a comparison between the Mark I and Mark II observations of 3C 84. This value for è is 12 percent lower than the value of 2.6 obtained by Cohen et al.; however, our value yields normalized fringe amplitudes (hereinafter "amplitudes") of Algol that are always less than unity (see Table 1 ), which would not be the case if Cohen et al.'s value were used.
The standard errors in the estimates of the correlated flux density obtained with the Mark I system were typically about 15 percent and due primarily to the relatively low signal-to-noise ratio of these observations. Somewhat smaller standard errors applied to the correlated flux densities estimated from the Mark II data, but here the uncertainty in the value of b made an additional significant (apparently systematic) contribution leading to an estimate for a similar overall error of about 15 percent.
The estimates of the amplitudes, the correlated flux densities, the total flux densities (see Paper I), and other relevant data are presented in Table 1 . The "missing" entries in the table are due mostly to problems with substandard tapes. The correlated and total flux densities are shown as a function of time in Figure 1 .
The Gibson el al. (1975) , interpolated to the 7850 MHz frequency used in our observations. The standard errors for the correlated flux density data are estimated to be about 15% (see Table 1 and text). I  I  I  II  I  II  I  II  II  I  II  I  II  II  I  I  I  II  I  II  I  II  I  I  I Gibson et al. 1975 . No. 2, 1976 ating and total flux density data were also available, are presented in Figure 2 as a function of the length of the projected baseline. Closure-phase data (see Rogers et al. 1974) were also obtained from the three observations for which the Mark I tapes yielded reliable fringes on all three baselines. None differs significantly from zero, as expected, since Algol was not well enough resolved. These data were therefore not used in our analysis.
in. DISCUSSION The amplitudes obtained for the short baseline exhibit no particular trend for the 8 hours of observation, with the fluctuations being only slightly larger than expected on the basis of the quoted errors. This behavior is different from the substantial decrease with time determined by Clark, Kellermann, and Shaffer (1975) using the same baseline; however, their data were obtained during the decay of a single flare, as opposed to the sustained radio activity that we observed.
On the other hand, from Figure 2 we see that for our data the amplitude decreased as the length of the projected baseline increased, implying that a circularly symmetric model for the brightness distribution of the source could adequately represent the data. The two parameters-diameter and total flux density-that describe a uniformly bright circular disk were estimated from the data shown in Figure 2 by use of a standard least-squares algorithm. The result for the angular diameter was 1.7 ± 0.1 milli-arcsec, corresponding to a (projected) linear size of about 0.05 AU at the 30+2 pc distance of Algol (Bachmann and Hershey 1975) . The estimate for the total flux density obtained simultaneously was 0.90 + 0.05 of the total flux density from the source, implying that about 10+5 percent of the flux emanates from a halo. However, the data can be matched nearly as well by constraining the total flux density in the model to equal that from the source, as can be seen in Figure 2 ; the angular diameter obtained from this second, constrained solution was 1.8 + 0.1 milli-arcsec, not significantly different from that obtained from the first solution. By contrast, the half- Fig. 2. -Fringe amplitudes for Algol displayed as a function of the length of the projected baseline. The data for the longer projected baselines correspond to the period near the last observed peak in the total flux density (see Fig. 1 ). The definitions of the symbols are as given in Fig. 1 . The curves shown represent solutions from least-squares analyses of the data on the basis of a circular disk model of uniform radio brightness; the solid curve is based on the least-squares values for the diameter and total flux density, whereas the dashed curve is based on a least-squares value for the diameter only with the total flux density constrained by the single-antenna measurements (see text).
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power angular diameter obtained from a Gaussian model of the brightness distribution was about 1.1 + 0.1 milli-arcsec (^0.03 AU) for the unconstrained and 1.2 + 0.1 milli-arcsec for the constrained solution. Our data are inadequate to allow a reliable distinction to be made between these models. The brightness temperatures of about 8 X 10 9 K implied, for example, by the uniformdisk model are too high to be explained easily in terms of thermal emission. Although supported in part by the positive spectral index a ~ 1.2 observed throughout (Paper I), a naive a thermal ,, interpretation would lead, for example, to an enormous and presumably unrealistic predicted X-ray flux.
Both of the stars comprising the close (AB) pair of the Algol ternary system are of the order of 0.03 AU in diameter (Allen 1963) whereas the (projected) separation of their centers changed from a minimum of about 0.00 AU to a maximum of about 0.03 AU during the course of our observations. The former occurred at nearly 05 h UT on 1975 January 16, about 2J hours before the end of our observation period. Our estimate of the size of the radio source, which is based primarily on the data obtained in a 2-hour interval surrounding the midpoint of this secondary optical eclipse, is consistent with the occulting B star being the origin of the radiation. By the same token, it does not seem likely that the origin is in either the occulted K (G?) star or the region between the two stars which contains the inner Lagrangian point through which mass transfer may take place. As additional support for such a conclusion, we note that a peak in the total flux density occurred at the midpoint of the eclipse, implying that a large fraction of the radio source was unlikely to have been occulted. From the flux observations themselves, of course, we cannot eliminate Algol C from consideration as the source of the radio emissions.
It should be possible in the future, through use of the differenced fringe-phase technique ) with a wide-band recording system, to monitor the angular motion of the radio source with an uncertainty of the order of 1 milli-arcsec or perhaps less. From such determinations, in combination with the orbits of the three stars of the Algol system, as deduced from optical observations (see, for example, Hill et al. 1971) , we may be able to delimit usefully the region from which the radio emissions originate. From the present experiment it was possible to obtain only a relatively crude determination of the angular position of the radio source with respect to a reference frame provided by other compact extragalactic radio sources (Rogers et al. 1973; Robertson 1975) . where the uncertainties given include contributions from the nonsystematic errors in the FK 4 position (see Fricke and Kopff 1963) . The optical observations refer to the close pair Algol AB ; however, this fact does not allow us to determine the source of the radio emissions since Algol C was separated from Algol AB by only O''06 at the time of our observations (Bachmann and Hershey 1975) . The association of the radio emission with Algol AB was made by Ryle and Elsmore (1973) based on comparison of the optical orbit with their astrometric results from a series of four separate interferometric observations with the Cambridge instrument.
Besides the problem of the geometrical origin of the radiation, there is also a question of a possible change in the apparent size of the radiating region during the course of the observations. Clark, Kellermann, and Shaffer (1975) reported that the size of the radio source they observed, during the later stages of decay of a flare in Algol, appeared to increase in diameter at the rate of about 500-1000 km s -1 if they assumed the source to be circularly symmetric. Although they considered it less likely, the data were also consistent with an elliptically shaped source that remained constant in size. We examined our data for evidence of expansion of the source during the decay of the last peak in the flaring activity that we observed (Fig. 1) ; only for this period were data available from all three baselines. The estimated diameter, obtained on the basis of our uniform-disk model with the observed total flux density, for each of the five sets of observations made from all three sites simultaneously, is shown in Figure 3 . Although there might appear to be a slight increase in diameter following the peak in observed total flux density, this increase does not seem significant. In any event, the implied rate of expansion is under 100 km s -1 , far less than the value obtained by Clark et al. on the basis of a circularly symmetric model for the flare they observed.
Whatever the geometric location and size evolution of the region of radio radiation, one should consider the possible physical mechanism(s) governing the radiation. From our limited data, a thermal origin seems unlikely, as already mentioned; but it is not possible to distinguish reliably between other choices such as a plasmaradiation model (Jones and Woolf 1973) and synchrotron radiation under various magnetic-field, electrondensity, and electron-energy distributions.
IV. CONCLUSION Our observations indicate that, during strong flaring activity, the radio source associated with Algol has a size comparable to those of the individual stars of the close pair and is most likely nonthermal in origin. Any possible expansion of the apparent size of the radio source during the decay of the last flare observed had a velocity no greater than about 100 km s -1 .
